Purpose: To evaluate prostate-cancer specific mortality (PCSM) in a cohort of high-risk patients treated with a permanent prostate brachytherapy approach, stratified by pre-treatment PSA.
Purpose
The National Comprehensive Cancer Network (NCCN) defines high-risk prostate cancer according to the following criteria: clinical stage T3, Gleason score 8-10, and/or prostatic specific antigen (PSA) > 20 ng/ml [1] . Low-doserate (LDR) brachytherapy with supplemental external beam radiation therapy (EBRT) has been demonstrated to be a highly efficacious treatment for high-risk prostate cancer [2] . Recently, the ASCENDE-RT trial demonstrated marked improvement in biochemical disease-free survival when a brachytherapy boost was added to supplemental external beam radiation therapy compared to definitive intensity modulated external beam radiation therapy (IMRT) [3] . In addition, in multi-institutional studies, the results of dose-escalation using a brachytherapy boost in high-risk patients resulted in decreased prostate cancerspecific survival (PCSM) [4, 5] .
Mahal and colleagues using the Surveillance Epidemiology and End Results (SEER) database concluded that high-risk patients treated with either surgical or radiotherapeutic approaches presenting with either a very low (< 2.5 ng/ml) or very high (> 40 ng/ml) PSA had a markedly increased risk of PCSM [6] . The authors concluded that increased PCSM in patients with a low pre-treatment PSA and Gleason scores of 8-10 was suggestive of the presence of very aggressive low producing PSA cancers. Previously, we reported high rates of biochemical control in high-risk patients treated with a brachytherapy approach [2] . In this study, we evaluate the impact of pre-treatment PSA on PCSM in patients with high-risk disease treated with high quality brachytherapy (a post-implant dose to the prostate gland > 100% of prescription dose, D 90 ) with or without supplemental external beam radiation therapy (EBRT) and/or androgen deprivation therapy (ADT).
Material and methods
From April 1995 to January 2014, 448 patients with NCCN high-risk prostate cancer (clinical stage T3 or Gleason score 8-10, and/or PSA > 20 ng/ml) underwent permanent prostate brachytherapy by a single brachytherapist. The high-risk patients were divided into 3 cohorts based on pre-treatment PSA (≤ 10.0 ng/ml, n = 248; 10.1-20.0 ng/ml, n = 97; and > 20 ng/ml, n = 103). A secondary analysis was performed stratifying patients by PSA as per the SEER reported data [6] . The SEER data stratified patients into 5 categories: < 4 ng/ml, n = 16; 4-10.0 ng/ml, n = 232; 10.1-20 ng/ml, n = 97; 20.1-40 ng/ml, n = 85; and > 40 ng/ml, n = 18. Because of small numbers in some of the cohorts, the primary evaluation consisted of the above mentioned 3 patient group stratification. All patients underwent brachytherapy more than 3 years prior to analysis. Prior to implantation, all slides underwent review by a pathologist with significant expertise in prostate pathology. Our pre-planning technique, intraoperative approach, and dosimetric evaluation have been described previously [7, 8] . Patients were clinically staged using medical history and physical examination including digital rectal examination and serum PSA. Bone scans and computed tomography of the abdomen and pelvis were obtained in all patients. In all patients, prophylactic alpha-blockers were initiated two weeks prior to implantation and continued until the urinary symptoms were resolved.
The brachytherapy planning target volume consisted of prostate gland with a 5 mm periprostatic margin in the proximal 1.0 cm of the seminal vesicles [7, 8] . Four-hundred and forty-five of the 448 patients (99.1%) received supplemental EBRT. In general, 45-50.4 Gy were delivered in 1.8 Gy fractions utilizing 15-18 MV photons delivered via either a 3-dimensional conformal or intensity modulated external beam radiation therapy technique. The target volume consisted of the prostate gland, seminal vesicles, and pelvic lymph nodes. The pelvic lymph nodes were treated superiorly to the L5-S1 interspace. The dose to 50% of the rectum (R50) was limited to ≤ 30 Gy. In all cases, supplemental EBRT was delivered prior to brachytherapy.
Three-hundred and twenty-five of the 448 patients (72.4%) received ADT. Two-hundred and seventy-three patients (60.8%) received long-term (> 6 months) ADT, while 52 patients (11.6%) received short-course (≤ 6 months) of ADT. When prescribed, ADT was initiated 3 months prior to implantation and consisted of a luteinizing hormone-releasing hormone agonist, or antagonist with or without an anti-androgen. The median ADT duration was 4 and 24 months in the short course and extended course groups, respectively (range, 3-36 months).
Patients were monitored by physical examination including digital rectal examination and PSA measurement at 3-6 month intervals. The primary endpoint of the analysis was prostate cancer-specific mortality (PCSM). The cause of death was determined for each deceased patient. Patients with metastatic prostate cancer and/or non-metastatic castrate-resistant disease who died of any cause were classified as prostate cancer death. All other deaths were attributable to the immediate cause of death. In addition, biochemical failure (BF) was analyzed. Biochemical failure was defined as a PSA ≤ 0.40 ng/ml after nadir. Patients who failed to achieve a PSA nadir ≤ 0.40 ng/ml were categorized as a BF. Multiple clinical, treatment, and dosimetric parameters were evaluated with further effect on outcome.
Patients were grouped based on pre-implant PSA. Clinical and treatment variables that were continuous were compared across groups using a one-way analysis of variance (ANOVA). Categorical variables were compared using a Χ 2 analysis. All-cause mortality was compared across the grouping of PSA and across the 3 levels of risk using a cox-regression analysis. Biochemical failure and PCSM across the 3 or 5 PSA groups were determined using competing risk analysis. STATA version 12.0 software (StataCorp, College Station, TX, USA) and SPSS version 17.0 (Chicago, Il, USA) were used for all analysis with significance set at p ≤ 0.05. Table 1 summarizes the clinical, treatment, and dosimetric parameters for the 448 patients stratified by pre-implant PSA (≤ 10 ng/ml, 10.1 ng/ml, and ≥ 20.0 ng/ml). The mean and median follow-up for entire group was 9.2 and 8.8 years, respectively. Compared to the other two cohorts, patients with a pre-treatment PSA > 20 ng/ml were statistically younger with longer follow-up, were less likely to present with Gleason 8-10 histology, were more likely to present with clinical ≥ T2b stage, to receive long term (> 6 month) ADT, were more likely to present with poor high risk disease and lower pre-treatment testosterone levels. The median post-treatment PSA for all biochemically controlled patients was < 0.02 ng/ml. Figure 1 illustrates overall mortality (OM), biochemical failure (BF), and prostate cancer-specific mortality (PCSM) for the entire group at 10 and 15 years. At 10 years, OM, BF, and PCSM were 28.5%, 13.3%, and 4.9%, respectively. Figure 2 illustrates a competing risk analysis for biochemical failure stratified by pre-implant PSA with no statistically significant differences at 10 years (11.9%, 16.7%, and 13.9%, p = 0.339). The mean and median time to BF in PSA cohorts < 10, 10-20, and > 20 were 3.35 years and 3.22 years, 2.65 years and 2.56 years, and 1.84 years and 1.69 years, respectively. Figure 3 illustrates OS at 10 and 15 years stratified by the 3 PSA cohorts without statistically significant differences in survival (p = 0.310). When PCSM was stratified by the 3 pre-implant PSA cohorts (Table 2) , statistically significant differences were discerned at 10 years ( Figure 4 ). The 10-year PCSM for pre-treatment PSA ≤ 10, 10.1-20, and > 20 were 2.5%, 10.7%, and 4.5%, respectively (p = 0.0156). When patients were stratified into the 5 SEER cohorts, the number of patients in some of the individual groups were very small. No statistical difference in OM (p = 0.333) or BF (0.603) was discernible. PCSM and distant failure (DF) were substantially greater in patients with a pre-treatment PSA of 10.1-20.0 ng/ml compared to the other 4 cohorts (p < 0.001) for both PCSM and DF. 
Results

Discussion
Mahal and colleagues using the SEER data, which included radical prostatectomy and radiotherapy, treated patients with a median follow-up of 38 months, and demonstrated that PCSM was highest in patients with a pre-treatment PSA < 4.0 ng/ml or > 40.0 ng/ml [6] . The authors concluded that patients with very low PSA values have a prognosis similar to those with very high PSA levels. In our much smaller series but with substantially longer follow-up (mean and median follow-up 9.2 and 8.8 years), our brachytherapy results do not confirm the SEER data. In our series, PCSM was substantially lower for all PSA cohorts compared to the SEER data with the greatest risk of PCSM in patients with a pre-treatment PSA of 10.1-20 ng/ml. Consistent with our results, a radical prostatectomy (RP) series did not demonstrate any difference in failure between patients with a very low pre-treatment PSA compared to those with higher pre-treatment PSA [9] . In contrast, a RP series of patients with Gleason scores 8-10 revealed non-statistical trends toward biochemical failure and increased distant metastasis in patients with pre-treatment PSA ≤ 2.5 vs. 4.1-10 ng/ml [10] .
D'Amico et al. reported that patients with high-grade disease and a pre-treatment PSA ≤ 4 ng/ml had a shorter time to biochemical recurrence than patients with a PSA of 4.1-10.0 ng/ml [11] . In our series, we did not demonstrate any substantial differences in failure when stratified by PSA < 4 vs. 4-10, but did note somewhat shorter times to failure in patients with a PSA > 20 ng/ml (median time to failure 1.69 years vs. patients with a pre-treatment PSA ≤ 10 ng/ml, 3.22 years).
Local control has been demonstrated to improve PCSM in high-risk patients. The addition of EBRT to ADT has improved biochemical control, PCSM, and overall Competing risks analysis for prostate cancer-specific mortality stratified by pre-implant prostate-specific antigen (PSA) with probability provided at 10 and 15 years Table 2 . Ten-and 15-year mortality or failure (overall mortality, biochemical failure, prostate cancer-specific mortality, and distant failure) stratified by pre-treatment prostate-specific antigen (PSA) [14, 15, 16] . One study demonstrated a 9% statistically significant improvement in 10-year overall survival [14] . It is conceivable that the improved biochemical control rates and decreased PCSM in our cohort is due to high-quality prostate brachytherapy (day 0 D 90 of 121.5% of prescription) with generous periprostatic treatment margins with the inclusion of supplemental nodal EBRT and ADT. In the SEER data, brachytherapy dosimetric quality, EBRT radiation doses, and RP pathologic assessment are not accessible, and may have artificially influenced their conclusions [6] . In the current study, patients with a pre-treatment PSA 10.1-20 ng/ml had a greater incidence of PCSM ( Figure 4 , p = 0.0156) and DF ( Table 2 , p < 0.001). The poorer outcome in patients with an intermediate pre-treatment PSA is most likely result in a greater incidence of Gleason score 9 patients in that cohort (Table 1) . Consistent with other studies (Table 3) , tobacco consumption was related to an increased risk of prostate cancer death [17] . In addition, low pre-treatment testosterone levels were associated with decreased OS, which is consistent with one of our previous publications [18] .
Shortcomings of our study include a relatively small number of patients treated at a single institution by a single brachytherapist. In addition, all retrospective evaluations were with inherent treatment bias. ADT was administered based on assessment of the treating physician without protocol guidelines, and as such its role in the management of these patients cannot be determined. Strengths of the study include that all patients were treated with a consistent brachytherapy and EBRT techniques with documented high-quality post-implant dosimetry.
Conclusions
High-risk prostate cancer treated with permanent prostate brachytherapy and supplemental EBRT results in excellent long-term biochemical control and PCSM. Overall, PCSM was low in all cohorts but highest in the intermediate PSA group (10.1-20 ng/ml).
Disclosure
Authors report no conflict of interest.
